(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

20.1 1 .2002 Bulletin 2002/47 



(11) EP 1 258 290 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: B01J 20/32 



(21) Application number: 02010154.9 

(22) Date of filing: 13.05.2002 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Nambu, Hiromf 


MC NL PT SE TR 


Wakayama-shi, Wakayama (JP) 


Designated Extension States: 


• Kito, Tetsuji 


AL LT LV MK RO SI 


Wakayama-shi, Wakayama (JP) 


(30) Priority: 16.05.2001 JP 2001146733 


• Hasebe, Yoshihiro 


Wakayama-shi, Wakayama (JP) 


(71) Applicant: Kao Corporation 


(74) Representative: HOFFMANN - EITLE 


Tokyo 103-8210 (JP) 


Patent- und Rechtsanwalte 




Arabellastrasse 4 




61925 Munchen (DE) 



(54) Silicone-modified water-absorbing polymer particles and method for producing the same 



(57) This invention provides water-absorbing poly- 
mer particles suitable particularly tor cosmetics, wherein 
silicone can be stably present on the surface of a water- 
absorbing polymer even in various formulations thereby 
giving dry feeling in use even after water absorption. The 



silicone-modified water-absorbing polymer particles of 
this invention comprises water-absorbing polymer par- 
ticles coated thereon via chemical bonding, with a sili- 
cone compound having at least one functional group. 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 258 290 A2 



Description 

Technical Field of the Invention 

5 [0001] This invention relates to water-absorbing polymer particles coated thereon via chemical bonding, with a sili- 
cone compound having at least one kind of functional group and a process for producing the same and in particular 
to silicone-modified water-absorbing polymer particles useful in cosmetics, for example skin care products such as 
sweat regulators, hair care products, make-up products, etc. 

10 [Prior Art] 

[0002] The water- absorbing polymer is utilized as a sanitary material in sanitary items and diapers, as a water- 
retaining agent and soil conditioner in the field of agriculture, and artificial snow in an artificial skiing ground, a scrubbing 
agent in a cleansing cream etc. in various fields. In addition to these uses, JP-A No. 60-81120 discloses that self- 
15 crosslin ked poly(sodium acrylate) is utilized as a sweat-absorbing sweat regulator in the field of cosmetics. However, 
this water-absorbing polymer is problematic in stickiness after absorption of sweat. 

[0003] On one hand, there is known a method wherein the surface of a water-absorbing polymer is crosslinked via 
polyvalent metal ions or by an organic crosslinking agent, or rendered hydrophobic by hydrophobic materials such as 
nonvolatile hydrocarbons or calcium stearate powder, whereby the water-absorbing polymer after water absorption is 

20 prevented from becoming sticky or causing gel blocking (phenomenon of forming lumps). 

[0004] For example, JP-A No. 9-13966 discloses a water-absorbing resin prepared by modifying a water-absorbing 
resin with a silicone type surfactant having an HLB of 7 to 18. In this method, however, there is a problem that the 
silicone type surfactant is adsorbed physically onto the surface of the water-absorbing resin, and owing to interaction 
with other components in cosmetic formulations, the surfactant cannot be stably present on the surface of the water- 

25 absorbing resin. 

[Summary of Invention] 

[0005] The problem of this invention is to provide water-absorbing polymer particles wherein silicone can stably be 
30 present on the surface of the water-absorbing polymer particles even in various formulations thereby giving dry feeling 
for use even after water absorption. 

[0006] The present inventors found that if silicone is allowed to be present in an irreversible binding state on the 
surface of water- absorbing polymer particles, the resultant silicone-modified water-absorbing polymer particles have 
a high ability to absorb water without becoming sticky even after swollen with water absorbed, and the physical prop- 

35 erties of the polymer particles can also be demonstrated in various formulations. 

[0007] That is, this invention relates to silicone-modified water-absorbing polymer particles wherein the surfaces of 
water-absorbing polymer particles have been coated via chemical bonding with a silicone compound having at least 
one functional group and then the silicone-modified water-absorbing polymer particles of this invention are obtainable 
and produced by the step of polymerizing a hydrophiitc vinyl monomer by reverse phase suspension polymerization 

40 in the reaction system in the presence of a silicone compound having at least one functional group, or by reacting a 
silicone compound having at least one functional group with the surface of water-absorbing polymer particles. Further, 
this invention relates to cosmetics comprising the silicone-modified water-absorbing polymer particles described above. 

[Embodiment of the Invention] 

45 

[0008] The shape of the silicone-modified water-absorbing polymer particles of this invention is not particularly lim- 
ited, and may be not only in the form of sphere, egg or lump : but also in the form of scale, plate, fiber, fine-powder 
agglomerate (granule) or in an amorphous state. Preferably, the silicone-modified water-absorbing polymer particles 
are in the form of sphere, egg or lump for easy availability, more preferably in the form of sphere for good feeling. These 

50 particles may be porous. 

[0009] When the silicone-modified water-absorbing polymer particles of this invention are in the form of sphere, egg 
or lump, the average particle diameter thereof is preferably 0.1 u, m to 500 *i m , more preferably 0.5 |a m to 250 u_ m , 
particularly preferably 1 u. m to 150 u, m and most preferably 1 to 50 u, m so that the particles are not remarkable in 
cosmetics. The average particle diameter can be determined by analyzing sections of dried water-absorbing polymer 

55 particles under an optical microscope. 

[0010] The amount of water absorbed into the silicone-modified water- absorbing polymer particles of this invention 
can be determined by a method of measuring the amount of absorbed water as described later. The amount of absorbed 
water is preferably 5 g/g to 500 g/g, more preferably 5 g/g to 100 g/g, particularly preferably 5 g/g to 50 g/g and most 



2 
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preferably 5 g/g to 20 g/g. The polymer particles in this range are preferable because they absorb water sufficiently 
and feel less sticky. 

[0011 J The silicone-modified water-absorbing polymer particles of this invention are water-absorbing polymer parti- 
cles wherein the surfaces of water-absorbing polymer particles have been coated via chemical bonding with a siiicone 
compound having at least one kind of functional group, and the polymer particles have the silicone compound having 
at least one kind of functional group on the surfaces of the water-absorbing polymer particles via said functional group 
by chemical bonding, preferably covalent bonding and/or ionic bonding to a functional group present on the surfaces 
of the water-absorbing polymer particles. To confirm the presence of such chemical bonding, whether or not silicone 
is present on the water-absorbing polymer particles is examined after subjecting the silicon-modified polymer particles 
3 times to the washing step of treating, with chloroform, the silicone-modified polymer particles (1 0 % by weight relative 
to chloroform) for 2 hours under stirring (30 rpm, 50 °C) and then centrifuging the particles. 

[0012] The term "coated" means that the surfaces of the water-absorbing polymer particles are coated at least par- 
tially to such an extent that the surfaces of the particles swollen with absorbed water are prevented from becoming 
sticky. A SEM photograph of the silicone-modified water-absorbing polymer particles of this invention in a dry state is 
shown in Figs. 1 and 2. 

[0013] With respect to the amount of the silicone having at least one kind of functional group on the water-absorbing 
polymer particles, the lower limit thereof is preferably at least 0.1 part by weight, more preferably at least 0.5 part by 
weight and particularly preferably at least 1 part by weight relative to 1 00 parts by weight of the water-absorbing polymer 
particles. The upper limit thereof is preferably at most 30 parts by weight, more preferably at most 10 parts by weight 
and particularly preferably at most 5 parts by weight. An amount of the silicone in this range is preferable because 
there is no particular sticky feeling after water absorption, and the rate of water absorption is not particularly inhibited. 
[0014] The silicone-modified water-absorbing polymer particles of this invention are produced from the starting ma- 
terials by the production method as described later. 

[Water-absorbing polymer particles) 

[0015] As the polymer used in the water-absorbing polymer particles of this invention, a natural polymer, a semi- 
synthetic polymer or a synthetic polymer can be used insofar as it is a polymer having the action of absorbing water. 
To attain water-retaining properties, it may be a polymer having a crosslinked structure, and such a polymer is a (co) 
polymer crosslinked by a crosslinking method described later or a (co)polymer having a crosslinkage via a hydrogen 
bond or hydrophobic bond, a crosslinkage derived from a partial crystalline structure or a crosslinkage derived from a 
helix structure etc. [(co)polymer means a polymer or copolymer.]. 

[0016] For example, the natural polymer and semi-synthetic polymer include starch, carrageenan, gelatin, agar, tra- 
gacanth gum, viscose, cellulose (for example, crystalline cellulose), methyl cellulose, ethyl cellulose, hydroxyethyl 
cellulose and carboxymethyl cellulose, or crosslinked products thereof, for example starch-(meth)acrylate graft copol- 
ymers (or its crosslinked products) [(meth)acrylate means acrylate, methacrylate or a mixture thereof.]. 
[0017] The synthetic polymer includes a crosslinked product of a (co)polymer of a hydrophilic monomer such as 
anionic monomers or salts thereof, nonionic hydrophilic group-containing monomers, amino group-containing mono- 
mers or acid-neutralized products thereof or quaternarized products thereof. In particular a hydrophlic vinyl monomer 
is preferable because it is easily manufactured. The hydrophilic property of the hydrophilic monomer means that the 
solubility in 100g of water at 25°C is preferably 6 wt.% or more, more preferably more than 20 wt.%. 
[001 8] Examples of monomers used in p roduction of the synthetic polymer include anionic monomers such as (meth) 
acrylic acid, maleic acid, fumaric acid, crotonic acid, itaconic acid, 2-(meth)acryloyl ethane sulfonic acid, 2-(meth) 
acryloyl propane sulfonic acid, 2-(meth)acrylamide-2-methyl propane sulfonic acid, vinyl sulfonic acid and styrene sul- 
fonic acid or salts thereof; nonionic hydrophilic group-containing monomers such as (meth)acrylamide, N-substituted 
(meth)acryiamide, 2- hydroxyethyl (meth)acrylate, 2-hydroxypropyf (meth)acrylate, methoxypolyethylene glycol (meth) 
acrylate, polyethylene glycol (meth)acry late, N-vinyl pyrroiidone and N-vinyl acetamide; and amino-group containing 
monomers such as N,N-dimethylaminoethyl (meth)acrylate, N,N-dimethylaminopropyl (meth)acrylate and N,N-dimeth- 
ylaminopropyl (meth)acrylamide or acid-neutralized product thereof, or quaternarized products thereof. The quaterniz- 
ing agents which are advantageously used for producing the quaternary ammonium salts include an alkylhalide such 
as methyl chloride, ethyl chloride, methyl bromide and methyl iodide, and standard alkylating agents such as dimethyl 
sulfate, diethyl sulfate and di-n-propyl sulfate, for example. The acids which are advantageously used for producing 
the acid-neutralized compounds include hydrochloric acid, sulfuric acid, nitric acid, acetic acid, formic acid, maleic acid, 
fumaric acid, citric acid, tartaric acid, adipic acid, sulfamic acid, toluene sulfonic acid, lactic acid. Unless the hydrophilic- 
ity of the resultant polymer is extremely inhibited, the hydrophobic monomers such as acrylates, for example methyl 
(meth)acrylate, ethyl (meth)acrylate and butyl (meth)acrylate, vinyl acetate and vinyl propionate can also be simulta- 
neously copolymerized in an amount of not higher than 50 % by weight, more preferably 20 wt.% or less, of the total 
monomers. 
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[0019] The hydrophobic property means that the solubility in 100g of water at 25°C is preferably less than 6 wt.%, 
more preferably 3 wt.% or less. No lower limit is provided. It may be 0.01 wt.% or more. 

[0020] As the monomer components used, one or more of those enumerated above can be selected, but crosslinked 
copolymers of a, p- unsaturated monocarboxylic acid monomers such as (meth)acryfic acid, maleic acid, fumaric acid, 
crotonlc acid, Itaconic acid or salts thereof are preferable because of the high water-absorbing ability and easy avail- 
ability. In addition to the ct,0-unsaturated carboxylic acid monomers, other monomers can also be copolymerized. To 
improve the water-absorbing ability, the amount of a, f)- unsaturated carboxylic acid monomers is preferably at least 50 
% by weight, more preferably at least 70 % by weight and particularly preferably at least 90 % by weight of the total 
monomers. 

[0021] The polymer is more preferably a partially crosslinked polymeric compound having a carboxyl group or a salt 
thereof, such as crosslinked poly(meth)acrylate, a crosslinked polyvinyl alcohol/(meth)acrylate) copolymer, a 
starch-(meth) acrylate graft copolymer and a crosslinked polyvinyl alcohol-poly(maleic anhydride) graft copolymer, 
particularly preferably crosslinked poty(meth)acrylate or a crosslinked starch-(meth)acrylate graft copolymer, further 
preferably crosslinked poly(meth)acrylate for a higher water- absorbing ability : and most preferably crosslinked meth- 
acrylate for higher pKa and a higher deodorizing ability as described below. These water-absorbing polymers can be 
used alone or in combination thereof. 

[0022] The "salt" includes e.g. alkali metal salts (sodium salt, potassium salt, lithium salt etc.), alkaline earth metal 
salts (calcium salt, magnesium salt, barium salt etc.) and ammonium salts (quaternary ammonium salt, quaternary 
alkyl ammonium salt etc.). Among these, the sodium salt is most inexpensive and preferable. 

[0023] Here, the degree of neutralization of the water-absorbing polymer particles is preferably 0.01 to 1 00 %, more 
preferably 1 to 99 % and particularly preferably 40 to 95 % based on the number of moles of the acid or base group 
in the water-absorbing polymer. 

[0024] In this invention, the "degree of neutralization" refers to the ratio (on a molar basis) of the salt-forming group 
to the acid or base group in the water-absorbing polymer, that is, (number of moles of the salt-forming acid or base 
group)/(number of moles of the salt-formable free acid or base group plus the salt-forming acid or base group) x 100 
(%). 

[Crosslinking method and crosslinking agent] 

[0025] The method of forming the crosslinked (co)polymers described above involves covalent crosslinking by (a) 
self-crosslinking during polymerization, (b) copolymerization with a multifunctional monomer, and (c) irradiation with 
radiation, or ionic crosslinking via (d) polyvalent metal ion. Among these, (b) is preferable from the viewpoint of easy 
production and stability of the crosslinked structure, and the multifunctional monomer includes a crosslinking vinyl 
monomer having at least 2 reactive unsaturated groups in the molecule and a compound having at least 2 functional 
groups other than unsaturated groups in the molecule. 

[0026] As will be described in Production Method 1 below, crosslinking is conducted preferably during polymerization 
reaction by the method (a), (b) or (d) described above, but it is also preferable that after polymerization reaction, both 
the crosslinking agent and silicone-modified water-absorbing polymer particles are allowed to be present and the sur- 
face of the polymer particles is crosslinked by the method (b) or (d) is also preferable. It is also preferable that both 
the methods are conducted. 

[0027] As will also be described in Production Method 2 below, the crosslinking method (b) or (d) described above 
is also preferably used when the water-absorbing polymer (or particles) is reacted with silicone having at least one 
kind of functional group. 

[0028] In the method (b) , the crosslinking vinyl monomer having at least 2 reactive unsaturated groups in the molecule 
includes (1) polyhydric alcohol (meth)acrylates such as ethylene glycol di (meth) acrylate, diethylene glycol di(meth) 
acrylate, polyethylene glycol di(meth)acrylate, propylene glycol di(meth)acrylate, dipropylene glycol di(meth)acrylate, 
polypropylene glycol di(meth)acrylate, 1,2-butylene glycol di(meth)acrylate, 1,3-butylene glycol di(meth)acrylate, ne- 
opentyl glycol di(meth) acrylate, glycerine di(meth)acrylate, glycerine tri(meth)acrylate, trimethylol propane tri(meth) 
acrylate, and pentaerythritol tetra(meth)acrylate; (2) acrylamide compounds such as N-methyl allyl acrytamide, N-vinyl 
acrylamide, N,N'-methylene bis(meth)acrylamide, and bisacrylamide acetate; (3) divinyl compounds such as divinyl 
benzene, divinyl ether, and divinyl ethylene urea; (4) polyallyl compounds such as diallyl phthalate, dialfyl maieate, 
diallyl amine, triallyl amine, triallyl ammonium salt, pentaerythritol allyl ether, and sucroze [phonetic] allyl ether having 
at least 2 allyl ether units in the molecule; and (5) unsaturated alcohol (meth)acrylates such as vinyl (meth)acrylate, 
allyl (meth)acrylate, and 2-hydroxy-3-acryloyloxy propyl (meth)acrylate. 

[0029] Among these crosslinking vinyl monomers having at least 2 reactive unsaturated groups in the molecule, 
ethylene glycol di(meth)acrylate, polyethylene glycol di(meth)acrylate, divinyl benzene, pentaerythritol triallyl ether, 
pentaerythritol tetraallyl ether, and methylene bisacrylamide are preferable. 

[0030] The compound having at least 2 functional groups other than unsaturated groups in the molecule includes 
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(6) polyhydric alcohols such as ethylene glycol, diethylene glycol, triethyleneglycol, polyethyleneglycol, glycerine, pol- 
yglycerlne, propylene glycol, 1 ,4-butanediol, 1 ,5-pentanediol, 1,6-hexanediol, neopentyl alcohol, diethanol amine, tri- 
diethanol amine, polypropylene glycol, polyvinyl alcohol, pentaerythritol, sorbitol, sorbitan, glucose, mannitol, mannitan, 
sucrose and glucose; (7) polyglycidyl ethers such as ethylene glycol diglycidyl ether, polyethylene glycol diglycidyl 
ether, glycerine triglycidyl ether and polyglycerol polyglycidyl ether; (8) haloepoxy compounds such as epichlorohydrin 
and a-methyl chlorohydrin; (9) polyaldehydes such as glutaraldehyde and glyoxal; (10) polyamine compounds such 
as ethylene diamine and polyethylene imine; and (11) polyvalent carboxylic acids such as oxalic acid, malonic acid, 
succinic acid, fumaric acid, maleic acid and adipic acid. 

[0031] Among these compounds having at least 2 functional groups other than unsaturated groups in the molecule, 
ethylene glycol diglycidyl ether and polyethylene glycol diglycidyl ether are preferably used. 

[0032] In the method (d), the polyvalent metal salt includes (12) aluminum salts, magnesium salts and calcium salts, 
specifically hydroxides, halides, carbonates and oxides with metals in the groups 2A, 3B and 8 in the long form of the 
periodic table, such as calcium hydroxide, calcium chloride, calciumcarbonate, calcium oxide : magnesium borax chlo- 
ride, magnesium oxide, aluminum chloride, zinc chloride and nickel chloride, borates such as borax, and metal alkox- 
ides such as aluminum isopropylate. One or more of these metals salts can be used in consideration of reactivity. 
[0033] The amount of the crosslinking agent added is varied depending on the type of the crosslinking agent and 
the crosslinking method, but is preferably 0.001 to 20 parts by weight, more preferably 0.01 to 10 parts by weight, 
particularly preferably 0.01 to 5 parts by weight relative to 1 00 parts by weight of the total monomers in the reaction 
system. When the amount of the crosslinking agent is at least 0.001 part by weight, the amount of water absorbed can 
be maintained due to a low content of water-soluble components in the resulting water-absorbing polymer, while when 
its amount is at most 20 parts by weight, the density of crosslinkages is suitable and the amount of water absorbed 
into the resultant water-absorbing polymer is sufficient. 

[Silicone compound having at least one kind of functional group] 

[0034] The silicone compound having at least one kind of functional group used in this invention is a silicone com- 
pound having at least 2 or more silicon atoms, having at least one functional group capable of chemical bonding, 
preferably covalent bonding and/or ionic bonding, to the surface of water-absorbing polymer particles. 
[0035] To prevent gel blocking among polymer particles or sticky feeling during use, the silicone compound is pref- 
erably hydrophobic. In particular, when the silicone compound is the one having plural kinds of functional groups, which 
has a functional group not contributing to the reaction, the silicone compound is preferably hydrophobic. 
[0036] The hydrophobic compound having at least one kind of functional group refers to the one whose solubility in 
100 g water at 25 °C is at most 10 % by weight, preferably at most 1 % by weight, more preferably at most 0.5 % by 
weight and particularly preferably at most 0.1 % by weight. The lower limit of the solubility is not particularly present, 
but may be at least 0.0001 % by weight. 

[0037] The weight average molecular weight of the silicone having at least one kind of functional group used in this 
invention is preferably 1 000 to 500,000, more preferably 3000 to 200,000 and particularly preferably 1 0,000 to 200,000. 
Measurement of this weight average molecular weight is conducted by gel permeation chromatography (GPC), using 
polystyrene as standard and chloroform as eluent. 

[0038] The functional group is preferably at least one kind of functional group selected from the group consisting of 
an amino group, ammonium group, hydroxy group, a carboxy group, an epoxy group, a hydrolysable alkoxy group and 
radical-polymerizable unsaturated group, more preferably at least one kind of functional group selected from the group 
consisting of an amino group, ammonium group, carboxy group, epoxy group and radical reactive unsaturated group, 
and particularly preferably an amino group and/or ammonium group. These groups may be located at a side chain, 
one end and/or both ends of siloxane, or may be a mixture thereof. Examples of the silicone compound having at least 
one kind of functional group used in this invention are shown below. 1) Silicone compound having an amino group and/ 
or ammonium group (referred to hereinafter as amino-modified silicone) 

[0039] The amino-modified silicone compound is preferably the one having polymerizable units represented by the 
general formula (1) below. In the general formula (1), R 1 groups independently represent a hydrogen atom or a C^g 
hydrocarbon group, for example an alkyl group or phenyl group, preferably a methyl group or ethyl group, more pref- 
erably a methyl group. 
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R 1 " 
I 

-Si— O 
R« 



r ~ R 2 



-Si— O- 
I 

X 



(1) 



wherein R 1 represents a hydrogen atom or a C^e hydrocarbon group; R 2 represents R 1 or X whereupon X is a reactive 
functional group represented by -R 3 -Z (R 3 represents a direct bond or a C^_ 20 divalent hydrocarbon group, and Z 
represents a primary to tertiary amino group-containing group or a quaternary ammonium group-containing group); 
and a is an integer of 2 or more, and b is an integer of 1 or more. 

[0040] In the general formula (1 ), R 3 is preferably a C v6 linear or branched alkylene group, and includes a methylene 
group, ethylene group, trimethylene group, propylene group, tetramethylene group etc., more preferably a trimethylene 
group or propylene group. 

[0041] In the general formula (1), a and b each represent the number of polymerizing repeating units. Preferably, a 
is a number of 2 to 1 000, and b is a number of 1 to 50. 

[0042] In the general formula (1 ), Z is preferably an amino group- or ammonium group-containing group represented 
by the general formula (2) or (3) below. 



R 3 



— (R 4 ) d (NHCH 2 CH 2 ) e — N 



X R* 



(2) 



R 5 



-(R 4 ) d(NHCH 2 CH 2 ) e — N— R 5 T ' ( 3 ) 

As 



wherein R 4 represents -OCH 2 CH 2 -, 



— OCH 2 CHCH 2 - 
— OCHCH 2 — | 2 

I OH 
CH 3 



or 




CH 2 OH 

R 5 and R 6 each are the same as or different from one another and represent a hydrogen atom or a monovalent hy- 
drocarbon group, d and e each are the same as or different from one another and represent an integer of 0 to 6, and 
T" represents a halogen ion or an organic anion. 

[0043] In the general formula (1 ), the group X is preferably -(CH 2 ) 3 -NH 2 , -(CH 2 ) 3 -N(CH 3 ) 2 -, (CH 2 ) 3 -NH-(CH 2 ) 2 -NH 2 . 
-(CH 2 ) 3 -NH-(CH 2 ) 2 -N(CH 3 ) 2 , or -(CH 2 ) 3 -N+ (CH 3 ) 3 Cr\ more preferably - (CH 2 ) 3 -NH- (CH 2 ) 2 -NH 2 . 
[0044] Examples of T* in the general formula (3) include halogen ions such as chlorine, iodine, bromine etc. and 
organic anions such as methosulfate, ethosulfate, methophosphate, ethophosphate etc. 

[0045] The weight average molecular weight of the ami no-modified silicone is preferably 3000 to 200,000, by GPC 
as mentioned above, and for easy reaction with anionic functional groups of the water-absorbing polymer and for 
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hydrophobicity of silicone, the amine equivalent thereof is preferably 250 to 10000 (gAmol), more preferably 1000 to 
5000(g/mol). The amine equivalent can be measured in a solvent such as chloroform, ethanol by titration with hydro- 
chloric acid. 

2) Silicone compound having a carboxy group (referred to hereinafter as carboxy-modified silicone) 



10 



[0046] The carboxy-modified silicone compound is preferably either a compound having a silicon atom and carboxy 
group bound via a saturated hydrocarbon, or an organopolysiloxane compound having a carboxy! group and/or a salt 
thereof bound to a silicon atom via a structure shown in the general formulae (4) and/or (5), which is known in JP-A 
2002-114849: 



15 
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-R— C— OM 



(4) 



25 



-R 7 — N X 



O 
II 

c- 



•R-C-OM 

o o 



o 
II 



\ a II 

R-X— C- 



.10 



II 

C— OM 



(5) 



30 



35 



wherein R 7 , R 8 , R 9 and R 10 are the same or different and each represent a C 2 _22 linear or branched alkylene group or 
alkenylene group or an arylene group, which may have a substituent group containing a heteroatom; X represents an 
-O- or -NH- group; and M represents a hydrogen atom, a metal, ammonium, 0 V22 alkyl or alkenyl ammonium, 
alkyl or alkenyl -substituted pyridinium, C V2 2 alkanol ammonium, or a basic amino acid. 

[0047] Further, an amphoteric ionomer siloxane having two functional groups (carboxyl group and ammonium group) 
described in JP-A No. 6-1711 can also be preferably used. 

[0048] The weight average molecular weight of the carboxy-modified silicone compound is preferably 3000 to 
200,000 by GPC mentioned above. For easy reaction with cationic functional groups of the water-absorbing polymer 
and for hydrophobicity of silicone, the carboxy equivalent thereof is preferably 250 to 10000(g/mol), more preferably 
1000 to 5000(g/mol). The carboxy equivalent can be measured in a solvent such as chloroform, ethanol by titration 
with sodium hydroxide. 



3) Silicone compound having an epoxy group (referred to hereinafter as epoxy-modified silicone) 

[0049] The epoxy-modified silicone compound is preferably a silicone compound containing an epoxy group at one 
and/or both ends represented by the general formula (6): 



45 



50 
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r- R n 
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-Si— O 



R n 
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-Si — R 



i" 



(6) 



wherein R 11 groups are the same or different and each represent a monovalent hydrocarbon group; R 12 represents 
an epoxy-containing group or a monovalent hydrocarbon group; A represents an epoxy-containing group; and n is an 
55 integer of 1 to 1 0000. 

[0050] The monovalent hydrocarbon group represented by R 11 includes an alkyl group such as methyl group and 
ethyl group, a cycloalky! group such as cyclohexyl group, an aryl group such as phenyl group, and a fluorine atom- 
substituted alkyl group such as trifluoropropyl group. All R 11 groups may be the same as or different from one another 
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10 



and are desirably methyl groups. 

[0051] In the general formula (6), the epoxy-containing group represented by A is not particularly limited, but specif- 
ically includes the groups shown in the genera! formulae (7) to (9): 



(CH 2 ) a OCH,CH — CH 2 

" \ / 
O 



(7) 
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(CH 2 ) b CH— CH 2 
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\/ 
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(9) 
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30 



35 



wherein a and b are an integer of 1 or more; c is an integer of one or more; AO is the same as or different from one 
another and ethylenoxy group or propyleneoxy group. 

[0052] In the general formula (6), when R 12 represents the same group as in R 11 , the compound is silicone containing 
an epoxy group at one end, while R 12 represents the same group as in A, the compound is silicone containing an epoxy 
group at both ends. 

[0053] The epoxy-modified silicone is preferably silicone containing an epoxy group at one end, that is, silicone 
wherein R 12 is the same group as in R 11 , wherein the hydrocarbon group is preferably an alkyl group such as methyl 
group and ethyl group, a cycloalkyl group such as cyclohexyl group, an aryl group such as phenyl group and a fluorine 
atom-substituted alkyl group such as trifluoropropyl group, more preferably a methyl group. 

[0054] In the general formula (6), n is preferably 1 to 500, more preferably 5 to 100 and particularly preferably 10 to 50. 
4) Silicone compound having a hydroxy group 
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[0055] The silicone compound having a hydroxyl group includes the branched silicone of the general formula (10), 
the both-terminal type silicone of the general formula (11), and the one-terminal type silicone of the general formula 
(12). Then it further includes those having the formula (6) in which, however, the epoxy group having the formula (7), 
(B) or (9) is hydrolyzed and an alkylglyceryl ether-modrfied silicone disclosed in JP-A 5-112424. 
[0056] The numbers represented by 1 , m and n respectively in the general formulae (10) to (12) may be preferably 
an arbitrary combination such that the HLB of the silicone having a hydroxy group is less than 7. More preferably, the 
HLB is 6 or less. The HLB can be determined by dividing the weight fraction of the polyoxyalkylene group by 5. 
[0057] It is preferable that R 13 is methyl and R 14 is trimethylene. 
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wherein AO groups may be the same as or different from each other and represent an ethyleneoxy group or propyle- 
neoxy group; R 13 is an alkyl having 1 to 4 carbon atoms; R 14 is the same as or different from each other and an alkylene 
having 1 O 8 carbon atoms; 1 is an integer of 1 or more and m and n are an integer of zero or more. 

5) Silicone compound having a radical polymerizable unsaturated group 

[0058] The silicone compound having a radical polymerizable unsaturated group includes e.g. those compounds 
represented by the general formula (13): 
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wherein A is a group represented by CH 2 =C(R 13 )COO-, CH2=C(R 13 )CONR 14 - or CH 2 =CH-C 6 H 4 - whereupon R 13 is H 
or CH 3 -, R 14 is H or C y H2y +1 - (Y = an integer of 1 to 4); B is a group represented by -(CH 2 0) m -C n H 2n - (m = 0 or 1 , n 
= an integer of 1 to 10); E is a group represented by CpH^,- (p = an integer of 1 to 4); and d is an integer of 3 to 1500. 
[0059] Among the compounds of the general formula (13), those compounds represented by the general formula 
(14) are particularly preferable in order to achieve the object of this invention. 
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wherein R 13 , B and d have the same meanings as defined in the general formula (13) above, and R 15 represents a 
C^ 4 alkyl group. 

[0060] The silicone compound having a radical polymerizable unsaturated group can be synthesized for example 
by a method of utilizing chain transfer by radical polymerization or a method of anion living polymerization. 
[0061] The number average molecular weight (Mn) of the silicone compound having a radical polymerizable unsatu- 
rated group used in this invention is preferably 500 to 1 00,000, more preferably 1 ,000 to 50,000 by GPC as mentioned 
above, from the viewpoint of the dispersion stability of the formed polymer particles and operativeness for production 
of the polymer particles. 
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[Method of producing silicone-rnodified water-absorbing polymer particles] 

[0062] The method of producing the silicone-rnodified water-absorbing polymer particles according to this invention 
includes Production Method 1 or 2 described below. Production Method 1. Method of polymerizing the hydrophilic 
s monomer in the presence of a silicone compound having at least one functional group 

[0063] In this method, the silicone having at least one functional group is added to the reaction system before and/ 
or during polymerization of the hydrophilic monomer. 

[0064] When a polymer of hydrophilic vinyl monomers is used as the water-absorbing polymer, the hydrophilic vinyl 
monomer may be polymerized by any method, but a method of polymerizing an aqueous solution of the hydrophilic 

10 vinyl monomer (preferably at a concentration of 1 to 70 % by weight) is preferable, and various methods such as 
aqueous solution polymerization, reverse phase suspension polymerization and pearl polymerization can be used. In 
particular, aqueous solution polymerization or reverse phase suspension polymerization is preferable in respect of 
operativeness for polymerization and the water-absorbing ability of the resultant water-absorbing polymer, and reverse 
phase suspension polymerization is particularly preferable in respect of a higher water-absorbing ability of the water- 

15 absorbing polymer. The temperature for polymerization of the hydrophilic vinyl monomer is preferably 20 to 120 °C 
and the polymerization time is preferably 20 to 180 minutes. 

[0065] As the initiator, a water-soluble radical polymerization initiator, for example a peroxide : hydroperoxide or an 
azo compound is known in a known amount. These polymerization initiators can be used as a mixture thereof, or can 
be used as redox type polymerization initiators by adding chromium ion, sulfite, hydroxylamipe, hydrazine etc. thereto. 
20 |f necessary, an oil-soluble radical polymerization initiator, for example a peroxide type initiator such as benzoyl peroxide / 
or lauroyl peroxide, or an azo type initiator such as azobis(isobutyronitrile) can also be used. 

[0066] The amount of the water-soluble polymerization initiator is preferably 0.03 to 5 wt.%, more preferably 0.1 to 
2 wt.%, per the hydrophilic vinyl monomer. 

[0067] A dispersant may be used to disperse the hydrophilic vinyl monomer stably in the oil phase(solvent). The 
25 above shown silicone compound having at least one functional group may be used as the dispersant. It may be com- 
bined with another dispersant. The dispersant of the silicone compound preferably has at least one functional group 
selected from amino group, ammonium group, hydroxy group and carboxy group. 

[0068] The other dispersant may be an anionic, cationic, nonionic or amphoteric surfactant or a natural, semi-syn- 
thetic or synthetic polymer. For example, it includes an anionic surfactant such as sodium polyoxyethylene dodecyl 

30 ether sulfate and sodium dodecylether sulfate, a cationic or amphoteric surfactant such as trimethylstearylammonium 
chloride and carboxymethyldimethylcetyl ammonium, a saccharose fatty ester such as saccharose monostearate and 
saccharose dilaurate, a sorbitan ester such as sorbitan monostearate, a nonionic surfactant such as polyoxyalkylene 
adducts to sorbitan esters such as polyoxyethylenesorbitan monostearate, a natural or semi-synthetic polymer such 
as cellulose derivatives such as starch or derivatives thereof, cellulose ethers such as ethyl cellulose and cellulose 

35 esters such as cellulose acetate and a synthetic polymer such as polyvinyl alcohol or derivatives thereof, maleic group- 
having polybutadiene and a quaternary salt of styrene-dimethylaminoethyl methacrylate. 

[0069] The dispersant may be present in an amount of 0.5 to 30 mass %, more preferably 1 -1 0 mass %, in particular 

1-7 mass %, per 100 mass % of the total vinyl monomer constituting the water-absorbing polymer particles. 

[0070] The solvent used in reverse phase suspension polymerization is preferably a hydrocarbon type solvent or 

40 silicone type solvent or a mixture thereof. Examples of the hydrocarbon type solvent include aliphatic hydrocarbons \ 
such as hexane, heptane, dodecane, cyclohexane, methyl cyclohexane, isooctane and hydrogenated triisobutylene 
and aromatic hydrocarbons such as benzene, toluene, xylene and ethyl benzene, and examples of the silicone type 
solvent include octamethyl cyclotetrasiloxane, decamethyl cyclopentasiloxane, hexamethyl disiloxane and octamethyl 
trisiloxane. Among these solvents, hexane and cyclohexane are particularly preferable. 

45 [0071] The method of producing silicone-rnodified water-absorbing polymer particles is preferably a method of po- 
lymerizing a hydrophilic vinyl monomer such as a,p-unsaturated carboxylic acid monomer and/or a salt thereof by 
water-in-oil reverse phase suspension polymerization wherein before or during polymerization, the silicone having at 
least one kind of functional group is allowed to be present in the reaction system by adding it simultaneously with, or 
separately from, a crosslinking agent. The only surface of particle may be cross-linked by adding a cross-linking agent 

50 later and reacting under preferably 40 to 150°C. The "during polymerization" encompasses a period extending, after 
the reaction is substantially finished, to a stage before removal of water or solvent by e.g. distillation from the reaction 
system or before cooling. 

[0072] It is preferable to polymerize a hydrophlic vinyl monomer and a crosslinking agent in the presence of a silicone 
having at least one functional group by reverse dispersion polymerization. 
55 [0073] The silicone having at least one kind of functional group is hydrophobic, and by water-in-oil reverse phase 
suspension polymerization, this silicone is solubilized or uniformly dispersed in the oil phase, to occur in a larger amount 
on the surface of the water-absorbing polymer particles than in the inside thereof. 

[0074] The silicone having at least one kind of functional group can be added directly or as a solution in which the 
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silicone has been solubilized or dispersed by emulsification in an organic solvent, a surfactant etc. The crosslinking 
agent may be previously coexistent with the vinyl monomer or may be added during polymerization. 
[0075] As the initiator, a peroxide such as benzoyl peroxide, potassium persulfate or sodium persulf ate may be used 
for self-crosslinking. 

[0076] In the reaction system, the silicone having at least one kind of functional group is allowed to be present in an 
amount of preferably 0.5 to 30 parts by weight, more preferably 1 to 10 parts by weight and particularly preferably 1 
to 7 parts by weight relative to 1 00 parts by weight of the total hydrophilic vinyl monomers, whereby a sufficient amount 
of silicone can be present on the surface of the silicone-modified particles. 

[0077] The amount of the crosslinking agent in the reaction system is as described above. Production Method 2. 
Method of allowing a previously obtained water-absorbing polymer particles such as a water-absorbing polymer par- 
ticles after polymerization or a natural polymer to react with the silicone having at least one kind of functional group. 
[0078] The method of producing silicone-modified water-absorbing polymer particles is preferably a method wherein 
a polymer of the hydrophilic vinyl monomer after polymerization or a previously prepared water-absorbing polymer 
particles(for example, a natural polymer) and the silicone having at least one functional group are allowed to be present 
together and heated in the presence of water to which a crosslinking agent and/or a radical polymerization initiator is 
added if necessary. By the presence of water, functional groups in the water-absorbing polymer particles a re dissociated 
to react readily with functional groups in the silicone. The amount of water in the reaction system is preferably 1 to 200 
parts by weight, more preferably 10 to 100 parts by weight, relative to 100 parts by weight of the water-absorbing 
polymer (particles) . After the reaction, the water is removed, for example, by distillation. 

[0079] When the silicone compound having a radically polymerizable unsaturated group is used, the above shown 
oil-soluble radical polymerization initiator is preferably allowed to be coexistent. 

[0080] The silicone having at least one kind of functional group can be added directly or as a solution wherein the 
silicone has been solubilized or dispersed by emulsification in an organic solvent, a surfactant or a dispersant, or in 
the form of a spray depending on the case. The dispersant includes ethyl cellulose, sugar ester or sorbitan ester. 
Heating for facilitating surface treatment is preferably in the range of 40 to 150 C. 

[0081] The silicone having at least one kind of functional group may be mixed with the water-absorbing polymer 
before or after disruption of the polymer, but it is more preferable that the water-absorbing polymer is disrupted to form 
water-absorbing polymer particles whose water content is regulated in a suitable range by drying if necessary, and the 
water-absorbing polymer particles are mixed in e.g. a kneader with the silicone having at least one kind of functional 
group. 

[0082] In Production Method 2, the amount of the silicone having at least one kind of functional group is preferably 
0.5 to 30 parts by weight, more preferably 1 to 10 parts by weight and particularly preferably 1 to 7 parts by weight 
relative to 100 parts by weight of the water-absorbing polymer (panicles). When a crosslinking agent is used, the 
crosslinking agent is allowed to be present in an amount of preferably 0.01 to 10 parts by weight, more preferably 0.01 
to 5 parts by weight and particularly preferably 0.01 to 3 parts by weight relative to 100 parts by weight of the water- 
absorbing polymer (particles). 

[0083] The organic solvent in which the silicone is solubilized or dispersed by emulsification in Production Methods 
1 and 2 is not particularly limited, but an organic solvent having a boiling temperature in the range of 30 to 200 °C is 
preferable from the viewpoint of safety and operativeness. As a polar solvent, methanol, ethanol, isopropanol, chloro- 
form, toluene etc. can be mentioned. As a non-polar solvent, aliphatic hydrocarbons and alicyclic hydrocarbons are 
preferable, and for example n-hexane, cyclohexane, ligroin etc. can be mentioned. 

[0084] In the production method 1 , the functional group of the silicone compound is preferably amino group, ammo- 
nium group, hydroxy group or carboxy group. In the production method 2, the functional group of the silicone compound 
is preferably amino group, ammonium group, hydroxy group, carboxy group, epoxy group, a hydrolysable alkoxy group 
or a radically polymerizable unsaturated group. 

[0085] The reaction of the water-absorbing polymer particles with the silicone having at least one kind of functional 
group in Production Methods 1 and 2 is varied depending on the type of the functional group, and the reaction described 
below is preferable. 

[0086] When a crosslinking agent is used, a binding reaction with the crosslinking agent as a linking group is also 
preferable. 

[0087] For example, the functional groups of the water-absorbing polymer particles include a carboxyl group, sul- 
fonate group : amino group, hydroxy group and ammonium group. 

[0088] When the silicon having at least one kind of functional group is an amino-modified silicone compound, the 
water-absorbing polymer particles are preferably anionic polymers, more preferably polymers of a,p-unsaturated car- 
boxylic acid monomers and/or salts thereof. This is because by a chemical bonding of an amino group and/or ammonium 
group in the silicone having at least one kind of functional group with a carboxy group of the water-absorbing polymer 
particles, the polymer particles can have the silicone having at least one kind of functional group. Further, when poly- 
glycidyl ether is used as the crosslinking agent, the polymer particles after reaction of an epoxy group in polyglycidyl 
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ether with an amino group and/or ammonium group in the silicone can have the silicone having at lease one kind of 
functional group, via the crosslinking agent as a linking group. 

[0089] When the silicone having at least one kind of functional group is a carboxy-modified silicone compound, the 
water-absorbing polymer particles are preferably polymers of amino group-containing unsaturated monomers or qua- 

5 ternarized monomers thereof, or polymers of a,p-unsaturated carboxylic acid monomers and/or salts thereof. When 
the water-absorbing polymer particles are polymers of amino group-containing unsaturated monomers or quaternarized 
monomers thereof, the water-absorbing polymer particles can, directly via covalent or ionic bonding, have the silicone 
having at least one kind of functional group. When the water-absorbing polymer particles are polymers of a,p-unsatu- 
rated carboxylic acid monomers and/or salts thereof, e.g. a polyvalent metal salt is used as the crosslinking agent, 

10 whereby the polymer particles can, via ionic bonding with the crosslinking agent as a linking group, have the silicone 
having at least one kind of functional group 

[0090] When the silicone having at least one kind of functional group is a silicone compound having a functional 
group selected from a hydroxyl group and epoxy group, the silicone compound is reacted with polymers of a, p. un- 
saturated carboxylic acid monomers and/or salts thereof, whereby the polymer particles can, via chemical bonding, 
15 have the silicone having at least one kind of functional group. 

[0091] The silicone-modified water-absorbing polymer particles of this invention produced from the starting materials 
by the production methods as described above is incorporated preferably into cosmetics to give its characteristics to 
the cosmetics as described below. 

20 [Cosmetics] 

[0092] The content of the silicone-modified water-absorbing polymer particles of this invention in cosmetics can be 
suitably selected depending on the object of cosmetics, and is not particularly limited, but the content is preferably 1 
to 50 % by weight, particularly preferably 1 to 30 % by weight. When the amount of the polymer particles incorporated 

25 is at least 1 % by weight, the feel of the cosmetics can be sufficiently improved. 

[0093] The cosmetics of this invention are not particularly limited insofar as the silicone-modified water-absorbing 
polymer particles are not directly contacted with water, and may be water-ln-oil or oil-in-water emulsified cosmetics, 
oil cosmetics, spray cosmetics and stick-type cosmetics. The type of the cosmetics of this invention is not particularly 
limited, and the cosmetics of this invention include skin cosmetics such as a pack, foundation, lipstick, lotion, cold 

30 cream, hand cream, skin detergent, softening cosmetics, nutrient cosmetics, astringent cosmetics, whitening cosmet- 
ics, wrinkle-improving cosmetics, aging-preventing cosmetics, cleansing cosmetics, sweat regulator and deodorant; 
and hair cosmetics such as a rinse, treatment, hair-dressing, hair tonic, styling agent and hair feel improver. 
[0094] Among these, the cosmetics of this invention are preferably used as antlperspirant and deodorant, or prefer- 
ably used together with another sweating regulator. The antiperspirant includes aluminum salts such as allantoin chlo- 

35 rohydroxy aluminum, aluminum chloride, chlorohydroxy aluminum, allantoin dihydroxy aluminum, aluminum sulfate, 
potassium alum and aluminum hydroxide, aluminum-zirconium complexes such as aluminum zirconium tetrachloro- 
hydroxy glycine and aluminum zirconium pentachlorohydrate, zinc salts such as zinc oxide and zinc p-phenol sulfonate, 
and salicylic acid, tannic acid etc. Among these, allantoin chlorohydroxy aluminum, aluminum chloride, chlorohydroxy 
aluminum and aluminum hydroxide are particularly preferable. The amount of the antiperspirant incorporated is pref- 
erably 0.01 to 15 % by weight, particularly preferably 0.1 to 5 % by weight in the sweat regulator. 
[0095] By further incorporating silicone oil into the cosmetics of this invention, the resultant cosmetics can give dry 
feeling for use with a reduction in sticky feeling. Such silicone oil is not particularly limited, but the one having a viscosity 
(25 °C) of at most 50 mm 2 /s can be preferably used. This is because if silicone oil is used in a larger amount to increase 
viscosity, the polymer particles feel oily and are not preferable in feeling for use. For example, linear silicones such as 

^5 low-polymerized dimethyl polysiloxane and methyl phenyl polysiloxane, and octamethyl cyclotetrasiloxane, decamethyl 
cyclopentasiloxane etc. can be suitably selected and used singly or in combination thereof if necessary. The silicone 
oil is incorporated in an amount of preferably 0.01 to 5 % by weight, particularly preferably 0.1 to 1 % by weight in the 
cosmetics of this invention. 

[0096] Preferably, the cosmetics of this invention further contain alcohol in order to give dry feeling. Such alcohol 
50 includes C^s monohydric or polyhydric alcohols such as ethanol, glycerin, 1 ,3-butylene glycol, propylene glycol and 
sorbitol. In particular, a monohydric alcohol, particularly ethanol is preferable. The amount of the alcohol incorporated 
is preferably 5 to 30 % by weight in the cosmetics of this invention, particularly preferably 2 to 50 parts times by weight 
of the silicone-modified water-absorbing polymer particles. 

[0097] Depending on the form, type etc. of the cosmetics, other conventional components can be further incorporated 
55 as cosmetic components into the cosmetics of this invention in such a range that the effect of this invention is not 
hindered. 

[0098] Such cosmetic components include e.g. extender pigments such as mica, talc, sericite, kaolin, nylon powder, 
polymethylsilyl sesquioxane and barium sulfate; inorganic pigments such as titanium oxide, zinc white and iron oxide; 
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powders whose surface was rendered hydrophobic by treating these powders with silicone, metal soap or N-acyl 
glutamic acid; hydrocarbons such as soiid or liquid paraffin, solid paraffin, microcrystalline wax, vaseline, ceresin, 
ozokerite and montan wax; vegetable or animal fats and oils or wax, such as olive, ozokerite, carnauba wax, lanoline 
and spermaceti; fatty acids or esters thereof such as stearic acid, palmitic acid, oleic acid, glycerine monostearate, 
glycerine distearate, glycerine monooleate, isopropyl myristate, isopropyl stearate and butyl stearate; higher alcohols 
such as cetyl alcohol, stearyl alcohol, palmityl alcohol and hexyl dodecyl alcohol; adsorbents or thickening agents such 
as cationic cellulose, carboxybetaine type polymer and cationic silicone; polyhydric alcohols having a moisture retention 
action, such as glycol and sorbitol; efficacious components such as whitening agent, analgesic antiinflammatory agents, 
anti-itching agents, sterilizing disinfectants, astringents, skin softening agents and hormones; water; surfactants; W/O 
or O/W type emulsifying agents; emulsifying agents for silicone oil, such as polyether-modified silicone, polyether alkyl- 
modified silicone and glyceryl ether-modified silicone; thickening agents such as methyl cellulose, ethyl cellulose, car- 
boxymethyl cellulose, polyacrylic acid, tragacanth, agar and gelatin; and other components such as emulsion stabilizer, 
chelating agents, UV protecting agents, pH adjusting agents, preservatives, coloring matters and perfumes. 
[0099] The cosmetics of this invention are produced according to a conventional method. 

[0100] The silicone-modified water- absorbing polymer particles of this invention comprise water-absorbing polymer 
particles coated thereon via chemical bonding, with a silicone compound having at least one kind of functional group. 
Unlike silicone oil simply mixed in water-absorbing polymer particles, the silicone compound is stably present on the 
surfaces of the water- absorbing polymer particles even after incorporated into cosmetics. The silicone-modified water- 
absorbing polymer particles of this invention, upon absorption of water, exhibit a significant reduction in sticky feeling 
and gel blocking (phenomenon of forming lumps) attributable to the fusing ability of the surfaces of the polymer particles, 
and when used as cosmetics, the polymer particles have preferable feeling in use. 

Brief Description of Drawings 

[0101] 

Fig. 1 is a photograph by SEM (scanning electron microscope) of the silicone-modified polymer particles obtained 
in Example 1 . 

Fig. 2 is an enlarged photograph by SEM of the silicone-modified polymer particles in Fig. 1. 
Example 

[Method of measuring the amount of water absorbed] 

[0102] 1000 ml water was added to 5 g sample which was then suspended and stirred for 30 minutes (100 rpm, 25 
°C) and centrifuged at 2,000 G for 30 minutes, and the supernatant was gently discarded, and the weight of the sample 
was measured. On the basis of the difference of this weight from the initial weight of the sample, the amount of water 
absorbed was determined. 

[Method of evaluating a deodorizing ability] 

[0103] 

(1) A 7cmx6 mm scent paper (perfume test paper, produced by Daimonji Yoshi Co., Ltd.) is coated (about 1 cm 2 ) 
with 150 mg silicone-modified polymer particles (5 % by weight in water). 

(2) Then, the same scent paper is impregnated with 50 mg bad-smelling solution [model smell (0.005 % aqueous 
isovaleric acid solution)]. 

(2) The scent paper having the bad smell + the deodorant is placed in a 3-L beaker which is then sealed with Saran 
Wrap (trade name) , left for 20 minutes (20 °C), and the smell filled in the beaker is by sensory test evaluated. As 
the reference, the scent paper having only the bad smell in a beaker is also prepared. 
Smell evaluation:® : Odorless or with unspecified smell 

Q Slightly smells. 
A: Apparently smells, 
x: Strongly smells. 
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[Method of evaluating feeling in use (when dried)] 

[0104] 0.2 g sample was applied onto the forearm, then evaluated by sensory test for the extendability and dry and 
smooth feeling of the powder, and scored according to the following criteria. 

5 

5: Does not feel sticky, spreads very well and feels very dry and smooth. 
4: Spreads well and feels dry and smooth. 

3: Feels slightly sticky and slightly poor in spreading. 2: Poor in spreading, and feels gritty or sticky. 
1 : Very poor in spreading and feels very gritty or sticky. 

10 

[Method of evaluating feeling in use (when sweating)] 

[0105] 0.2 g sample was applied onto the forearm, evaluated by sensory test for stickiness and dry feeling after 30 
minutes in a room with 75 % RH at 40 °C, and scored according to the following criteria: 

15 

5: Does not feel sticky, spreads very well and feels very dry. 
4: Spreads well and feels dry. 

3: Feels slightly sticky and slightly poor in spreading. 2: Poor in spreading and feels slimy or sticky. 
1 : Very poor in spreading and feels very slimy or sticky. 

20 

(Example 1) 

[0106] 300 g methacrylic acid (Mitsubishi Rayon Co., Ltd.) and 135 g deionized water were placed in a 3-L beaker 
and then neutralized to a degree of 75 % by adding 348 g of 30 weight% aqueous sodium hydroxide solution dropwise 

25 thereto under cooling with stirring, and then a solution of 1 .2 g potassium persulfate (0.4 % by weight relative to meth- 
acrylic acid) dissolved in 24.3 g deionized water and 15.0 g of a crosslinking agent ethylene glycol diglycidyl ether 
(trade name, Denacol EX810, Nagase Kasei Co., Ltd.) (5.0 % by weight relative to methacrylic acid) were added 
thereto, and the mixture was uniformly dissolved. The resultant solution was added to a solution obtained by dissolving 
15 g amino-modified silicone A (XF42-703 produced by Toshiba Silicones; viscosity (25 °C), 1000 mm 2 /s; amine equiv- 

30 alent, 1500 g/mol) in 1500 ml cyclohexane in a 3-L beaker, and the mixture was stirred vigorously for 5 minutes at a 
number of revolutions of 10000 rpm in a homomixer to produce a fine water-in-oil droplet dispersion. Then, 900 ml 
cyclohexane was introduced into a 5-L stainless steel reaction vessel equipped with a reflux condenser, stirred at 350 
rpm, and heated at 75 °C in the system, and the atmosphere was replaced by nitrogen, followed by dropwise addition 
of the partially neutralized water-in-oil droplet dispersion of methacrylic acid to initiate polymerization. The whole of 

35 the droplet dispersion was added dropwise over 1 .5 hours, and the reaction solution was kept for additional 4 hours 
at the reflux temperature. Thereafter, a dehydration tube was attached, the temperature was raised to remove 340 ml 
water, and the reaction solution was cooled and filtered to separate polymer particles. By evaporation into dryness 
under reduced pressure, 376 g dry white polymer in the form of fine powder was obtained. The average particle diameter 
of the resultant fine polymer particles was 2.2 n m . A photograph by SEM (scanning electron microscope) of the silicone- 
modified polymer particles in a dry state obtained in Example 1 is shown in Figs. 1 and 2. 

(Examples 2 to 5) 

[0107] Using the monomers, dispersants and crosslinking agents in Table 1, fine polymer particles were obtained 
45 according to the method in Example 1 . 

(Example 6) 

[0108] 300 g methacrylic acid (Mitsubishi Rayon Co., Ltd.) and 135 g deionized water were placed in a 3-L beaker 
so and then neutralized to a degree of 75 % by adding 348 g of 30 weight% aqueous sodium hydroxide solution dropwise 
thereto under cooling with stirring, and then a solution of 1 .2 g potassium persulfate (0.4 % by weight relative to meth- 
acrylic acid) dissolved in 24.3 g deionized water was added thereto, and the mixture was dissolved uniformly. The 
resultant solution was added to a solution obtained by dissolving 15 g amino-modified silicone A (viscosity (25 °C), 
1000 mm 2 /s; amine equivalent, 1500 g/mol) in 1500 ml cyclohexane in a 3-L beaker, and the mixture was stirred 
55 vigorously for 5 minutes at a number of revolutions of 1 0000 rpm in a homomixer to produce a fine water-in-oil droplet 
dispersion. Then, 900 ml cyclohexane was introduced into a 5-L stainless steel reaction vessel equipped with a reflux 
condenser, and stirred at 350 rpm and heated at 75 °C in the system, and the atmosphere was replaced by nitrogen, 
followed by dropwise addition of the partially neutralized water-in-oil droplet dispersion of methacrylic acid to initiate 
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polymerization. The whole of the droplet dispersion was added dropwise over 1 .5 hours, and the reaction solution was 
kept for additional 4 hours at the reflux temperature. Thereafter, a dehydration tube was attached, the temperature 
was raised to remove 300 ml water, and then a solution of 3.0 g of a crosslinking agent ethylene glycol diglycidyl ether 
(trade name, Denacol EX810, Nagase Kasei Co., Ltd.) (1.0 % by weight relative to methacrylic acid) dissolved in 20 
g deionlzed water was added dropwise thereto for 5 minutes. After aging for 1 hour, 1300 ml cyclohexane was evap- 
orated, and the reaction solution was left and cooled to complete synthesis. By evaporation into dryness under reduced 
pressure, 380 g dry white polymer in the form of fine powder was obtained. The average particle diameter of the 
resultant fine polymer particles was 2.9 |i m . 

(Example 7) 

[0109] 300 g methacrylic acid (Mitsubishi Rayon Co., Ltd.) and 135 g deionized water were placed in a 3-L beaker 
and then neutralized to a degree of 75 % by adding 348 g of 30 weight% aqueous sodium hydroxide solution dropwise 
thereto under cooling with stirring, and then a solution of 1 .2 g potassium persulfate (0.4 % by weight relative to meth- 
acrylic acid) dissolved in 24.3 g deionized water and 9.0 g of a crosslinking agent ethylene glycol diglycidyl ether (trade 
name, Denacol EX81 0, Nagase Kasei Co., Ltd.) (3.0 % by weight relative to methacrylic acid) were added thereto, and 
the mixture was uniformly dissolved. The resultant solution was added to a solution obtained by dissolving 1 5 g amino- 
modified silicone A (viscosity (25 °C), 1000 mm 2 /s; amine equivalent, 1500 g/mol) in 1500 ml cyclohexane in a 2-L 
beaker, and the mixture was stirred in a homomixer such that the particle diameter of monomer droplets was reduced 
to about 50 u™, to produce a fine water-in-oil droplet dispersion. Then, 900 ml cyclohexane was introduced into a 5-L 
stainless steel reaction vessel equipped with a reflux condenser, then stirred at 350 rpm and heated at 75 °C in the 
system, and the atmosphere was replaced by nitrogen, followed by dropwise addition of the partially neutralized water- 
in-oil droplet dispersion of methacrylic acid to initiate polymerization. The whole of the droplet dispersion was added 
dropwise over 1 .5 hours, and the reaction solution was aged for additional 4 hours at the reflux temperature. Thereafter, 
a dehydration tube was attached, the temperature was raised to remove 340 ml water, and 1300 ml cyclohexane was 
evaporated, and the reaction solution was left and cooled to complete synthesis. By evaporation into dryness under 
reduced pressure, 357 g dry white polymer in the form of fine powder was obtained. The average particle diameter of 
the resultant fine polymer particles was 50 ji m . 

(Example 8) 

[0110] 300 g methacrylic acid (Mitsubishi Rayon Co., Ltd.) and 135 g deionized water were placed in a 3-L beaker 
and then neutralized to a degree of 75 % by adding 348 g of 30 weight% aqueous sodium hydroxide solution dropwise 
thereto under cooling with stirring, and then a solution of 1 .2 g potassium persulfate (0.4 % by weight relative to meth- 
acrylic acid) dissolved in 24.3 g deionized water was added thereto, and the mixture was uniformly dissolved. Then, 
1500 ml cyclohexane and 15 g of amino-modified silicone C (KF-861 produced by Shin-Etsu Silicones; viscosity (25 
°C), 3500 mm 2 /s; amine equivalent, 2000 g/mol) were introduced into a 5-L stainless steel reaction vessel equipped 
with a reflux condenser, and heated at 75 °C in the system, and the atmosphere was replaced by nitrogen, followed 
by dropwise addition of the aqueous partially neutralized methacrylic acid solution to initiate polymerization. The whole 
of the solution was added dropwise over 1 .5 hours, and the reaction solution was aged for additional 4 hours at the 
reflux temperature. Thereafter, a dehydration tube was attached, the temperature was raised to remove 300 ml water, 
and then a solution of 3.0 g of a crosslinking agent ethylene glycol diglycidyl ether (trade name, Denacol EX81 0, Nagase 
Kasei Co., Ltd.) (1 .0 % by weight relative to methacrylic acid) dissolved in 20 g deionized water was added dropwise 
thereto for 5 minutes. The reaction solution was heated to remove 340 ml water, left and cooled to complete synthesis. 
By evaporation into dryness under reduced pressure, 364 g dry white polymer in the form of fine powder was obtained. 
The average particle diameter of the resultant fine polymer particles was 230 m,. 

(Comparative Example 1) 

[0111] 300 g methacrylic acid (Mitsubishi Rayon Co., Ltd.) and 135 g deionized water were placed in a 3-L beaker 
and neutralized to a degree of 75 % by adding 348 g of 30 weight% aqueous sodium hydroxide solution dropwise 
thereto under cooling with stirring, and then a solution of 1 .2 g potassium persulfate (0.4 % by weight relative to meth- 
acrylic acid) dissolved in 24.3 g deionized water and 15.0 g of a crosslinking agent ethylene glycol diglycidyl ether 
(trade name, Denacol EX810, Nagase Kasei Co., Ltd.) (5.0 % by weight relative to methacrylic acid) were added 
thereto, and the mixture was uniformly dissolved. The resultant solution was added to a solution obtained by dissolving 
15 g sugar esters (a mixture of Ryoto Sugar Esters S570 and S770 (trade name) in equal amounts, Mitsubishi Shokuhin 
Co., Ltd.) (5.0 % by weight relative to methacrylic acid) as a dispersion stabilizer in 1500 ml cyclohexane in a 3-L 
beaker, and the mixture was stirred vigorously for 5 minutes at a number of revolutions of 10000 rpm in a homomixer 
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to produce a fine water-in-oil droplet dispersion. Then, 900 ml cyclohexane was introduced into a 5-L stainless steel 
reaction vessel equipped with a reflux condenser, and stirred at 350 rpm and heated at 75 °C in the system, and the 
atmosphere was replaced by nitrogen, followed by dropwise addition of the partially neutralized water-in-oil droplet 
dispersion of methacrylic acid to initiate polymerization. The whole of the droplet dispersion was added dropwise over 
1 .5 hours, and the reaction solution was aged for additional 4 hours at the reflux temperature. Thereafter, a dehydration 
tube was attached, the temperature was raised to remove 340 ml water, further 1300 ml cyclohexane was evaporated, 
and the reaction solution was left and cooled to complete synthesis. By evaporation into dryness under reduced pres- 
sure, 376 g dry white polymer in the form of fine powder was obtained. The average particle diameter of the resultant 
dry fine polymer particles was 2.2 u m . 

(Example 9) 

[01 12] 372 g of the fine water- absorbing polymer particles obtained in Comparative Example 1 were added to 2000 
ml cyclohexane and 15 g amino-modified silicone D (KF-864 produced by Shin-Etsu Silicones; viscosity (25 °C). 1 700 
mm 2 /s; amine equivalent, 3800 g/mol) (4 % by weight relative to the water-absorbing polymer), and the system was 
heated at 75 °C with stirring at 350 rpm for 30 minutes. Then, 150 g deionized water was added dropwise, the mixture 
was further stirred at 75 °C for 30 minutes, and a solution of 3.0 g crosslinking agent ethylene glycol diglycidyl ether 
(trade name, Deconal EX810, Nagase Kasei Co., Ltd.) (0.8 % by weight relative to the water-absorbing polymer) 
dissolved in 20 g deionized water was added dropwise over 5 minutes. The mixture was further aged for 4 hours at 
the reflux temperature, and after a dehydrating tube was attached, the reaction temperature was raised to remove 100 
ml water, and the reaction solution was left and cooled to complete synthesis. By evaporation into dryness under 
reduced pressure, 375 g dry white polymer in the form of fine powder was obtained. The average particle diameter of 
the resultant fine polymer particles was 2.4 p. m . 

Example 1 0 

[0113] 180 g of a solution of a quarternized product of dimethylaminoethyl methacrylate with diethylsulfuric acid, 
including 90% of the effective component, 1 20 g of N ,N-dimethylacrylamide : 1 4 g of polyethylene glycol dimethacrylate, 
NK-1 4G (tradename of ShinNakamura Chemical Co., Ltd.), 5 g of methacrylic acid, 41 5 g of deionized water and 1 .2 
g of potassium persulfate were introduced in a 3-L beaker and dissolved uniformly. The obtained solution was added 
in a 3-L beaker to a solution obtained by dissolving 15 g amino-modified silicone A, XF42-703 produced by Toshiba 
Silicones, having viscosity (25 °C) of 1000 mm 2 /s and amine equivalent of 1500 g/mol, in 1500 ml of cyclohexane. The 
mixture was stirred vigorously for 5 minutes at a number of revolutions of 1 0000 rpm in a homomixer to produce a fine 
water-in-oil droplet dispersion. The water-in-oil droplet dispersion was introduced Into a 5-L stainless steel reaction 
vessel equipped with a reflux condenser, stirred at 350 rpm. Purged by nitrogen gas. it was heated at 75 °C and it was 
kept for 4 hours for polymerization. Thereafter, a dehydration tube was attached, the temperature was raised to remove 
340 ml water and the reaction solution was cooled and filtered to separate polymer particles. By evaporation into 
dryness at a reduced pressure, 280 g dry white polymer in the form of fine powder was obtained. The average particle 
diameter of the resultant fine polymer particles was 2.5 ^i m . 

Example 11 

[0114] 300 g of N,N-dimethylacrylamide, 4.5 g of polyethylene glycol dimethacrylate, NK-14G (tradename of Shin- 
Nakamura Chemical Co., Ltd.), 5 g of methacrylic acid, 400 g of deionized water and 1 .2 g of potassium persulfate 
were introduced in a 3-L beaker and dissolved uniformly. The obtained solution was added in a 3-L beaker to a solution 
obtained by dissolving 15 g amino-modified silicone A, XF42-703 produced by Toshiba Silicones, having viscosity (25 
°C) of 1000 mm 2 /s and amine equivalent of 1500 g/mol, in 1500 ml of cyclohexane. The mixture was stirred vigorously 
for 5 minutes at a number of revolutions of 1 0000 rpm in a homomixer to produce a fine water-in-oil droplet dispersion. 
The water-in-oil droplet dispersion was introduced into a 5-L stainless steel reaction vessel equipped with a reflux 
condenser, stirred at 350 rpm. Purged by nitrogen gas, it was heated at 75 °C and it was kept for 4 hours for polym- 
erization. Thereafter, a dehydration tube was attached, the temperature was raised to remove 340 ml water and the 
reaction solution was cooled and filtered to separate polymer particles. By evaporation into dryness at a reduced 
pressure, 290 g dry white polymer in the form of fine powder was obtained. The average particle diameter of the 
resultant fine polymer particles was 2.3 ^i m . 

Example 12 

[01 15] 300 g methacrylic acid (Mitsubishi Rayon Co., Ltd.) and 1 35 g deionized water were introduced in a 3-L beaker 
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15 



and then neutralized to a degree of 75 % by adding 348 g of 30 weight % aqueous sodium hydroxide solution dropwise 
thereto, while cooled and stirred. Then a solution of 1.2g potassium persulfate, being 0.4 % by weight relative to 
methacrylic acid, dissolved in 24.3 g of deionized water and 15.0 g of a crosslinking agent of ethylene glycol diglycidyl 
ether, Denacol EX810 (trade name by Nagase Kasei Co., Ltd.), being 5.0 % by weight relative to methacrylic acid, 
were added thereto. The mixture was uniformly dissolved. The resultant solution was added in a 3-L beakerto a solution 
obtained by dissolving 15 g of hydroxy-modified silicone having the formula (1 ) : disclosed in JP-A 5-112424, Production 
Example 7, in 1500 ml cyclohexane. The mixture was stirred vigorously for 5 minutes at a number of revolutions of 
10000 rpm in a homomixerto produce a fine water-in-oil droplet dispersion. Then, 900 ml cyclohexane was introduced 
into a 5-L stainless steel reaction vessel equipped with a reflux condenser, stirred at 350 rpm and heated at 75 °C in 
the system. Having been replaced by nitrogen, the partially neutralized water-in-oil droplet dispersion of methacrylic 
acid was added dropwise thereto to initiate polymerization. The whole of the droplet dispersion was added dropwise 
over 1 .5 hours and the reaction solution was kept for additional 4 hours at the reflux temperature. Thereafter, a dehy- 
dration tube was attached, the temperature was raised to remove 340 ml water, and the reaction solution was cooled 
and filtered to separate polymer particles. By evaporation into dryness under reduced pressure, 355 g of dry white 
polymer in the form of fine powder was obtained. The average particle diameter of the resultant fine polymer particles 
was 1.8 u. m . 
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50 



55 



[0116] 180 g of a solution of a quaternized product of dimethylaminoethyl methacrylate with diethylsulfuric acid, 
including 90% of the effective component, 120 g of N,N-dimethylacrylamide : 1 4 g of polyethylene glycol di methacrylate, 
NK-14G (tradename of ShinNakarnura Chemical Co., Ltd.), 41 5 g of deionized water and 1.2 g of potassium persulfate 
were introduced in a 3-L beaker and dissolved uniformly. The obtained solution was added in a 3-L beakerto a solution 
obtained by dissolving 1 5 g carboxy-modif ied silicone, produced by JP-A 2002-1 1 4849, Example 1 , being a condensate 
of aminoethylaminopropyl-modified silicone, KF-869 (tradename of Shinetsu Chemical Co., Ltd.) with succinic anhy- 
dride, having a succinic anhydride-modified extent of 93 %, in 1500 ml of cyclohexane. The mixture was stirred vigor- 
ously for 5 minutes at a number of revolutions of 10000 rpm in a homomixer to produce a fine water-in-oil droplet 
dispersion. The water-in-oil droplet dispersion was introduced into a 5-L stainless steel reaction vessel equipped with 
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a reflux condenser, stirred at 350 rpm. Purged by nitrogen gas, it was heated at 75 °C and it was kept for 4 hours for 
polymerization. Thereafter a dehydration tube was attached, the temperature was raised to remove 340 ml water and 
the reaction solution was cooled and filtered to separate polymer particles. By evaporation into dryness at a reduced 
pressure, 285 g dry white polymer in the form of fine powder was obtained. The average particle diameter of the 
s resultant fine polymer particles was 3.0 u. m . 

(Comparative Example 2) 

[0117] 255 g of 80 weight% industrial acrylic acid and 135 g deionized water were placed in a 3-L beaker and then 
10 neutralized to a degree of 75 % by adding 284 g of 30 weight% aqueous caustic sodium solution dropwise thereto 
under cooling with stirring, and then a solution of 0.8 g potassium persulfate (0.4 % by weight relative to methacrylic 
acid) dissolved in 20 g deionized water and 0.1 g of a crosslinking agent ethylene glycol diglycidyl ether (trade name, 
Deconal EX810, Nagase Kasei Co., Ltd.) (0.05 % by weight relative to acrylic acid) were added thereto, and the mixture 
was uniformly dissolved. Then, 1000 ml cyclohexane and 10.2 g of ethyl cellulose (trade name, N-100, produced by 
15 Hercules Ltd.) were introduced into a 5-L stainless steel reaction vessel equipped with a reflux condenser, and the 
mixture was stirred at 450 rpm and heated at 75 °C in the system, and the atmosphere was replaced by nitrogen, 
followed by dropwise addition of the aqueous partially neutralized acrylic acid solution to initiate polymerization. The 
whole of the solution was added dropwise over 1 .5 hours, and the reaction solution was aged for additional 4 hours at 
the reflux temperature. Thereafter, a dehydration tube was attached, the temperature was raised to remove 250 ml 
20 water, and the reaction solution was left and cooled to complete synthesis. By evaporation into dryness under reduced 
pressure, 250 g dry white polymer in the form of powder was obtained. The average particle diameter of the resultant 
dry fine polymer particles was 250 u^. 

(Comparative Example 3) 

25 

[0118] 0.1 g dimethyl polysiloxane (50 mm 2 /s), TSF-451-50A produced by GE Toshiba Silicones Co. .Ltd., was added 
to and sufficiently mixed with 100 g of the dry white polymer obtained in Comparative Example 1 . 

(Comparative Example 4) 

30 

[0119] 0.1 g polyethylene oxide-modified silicone oil (KF351A produced by Shin-Etsu Silicones) was added to and 
mixed sufficiently with 100 g of the dry white polymer obtained in Comparative Example 1. 

[0120] 30 g polymer particles obtained in each of Example 1 Comparative Examples 3 and 4 were washed 3 times 
by stirring In 300 ml chloroform (50 °C, 30 rpm, 2 hours) and subsequent centrifugation. 
35 [0121] IPC elemental analysis indicated that in the polymer particles in Example 1 , silicon atoms were detected both 
before and after washing. In the polymer particles in Comparative Examples 3 and 4, silicone atoms could not be 
detected. 

[0122] By ESCA (x-ray electron spectroscopy for chemical analysis), it was found that silicone atoms are present in 
the vicinity of the surfaces of the polymer particles in Example 1 . Further, the polymer particles in Examples 1 to 9 and 
Comparative Examples 1 and 2 were evaluated for the amount of absorbed water, the deodorizing ability, and the 
feeling in use (when dry and sweating) , and the results are shown in Table 1 . 

determination of the amount of the modified-silicone immobilized on the polymer particles> 

45 [0123] 10 g of polymer particles of Example 6, using 5.0 wt.%, per methacrylic acid, of the ami no-modified silicone, 
was obtained by the polymerization, cooling and drying at a reduced pressure without filtration and was extracted by 
a soxhlet extractor with 400 ml of chloroform at 70°C for 4 hours. The amino-modified silicone of the extract was 
determined by 1 H-IMMR. It was calculated that the amount of the amino-modified silicone, not having been extracted 
out, but remaining immobilized on the polymer particles, was 3.0 wt. per methacrylic acid. 

50 

determination of particle diameter> 

[0124] The polymer particles obtained in Example was added to cyclohexane and treated with ultrasonic waves to 
prepare the fine particle dispersion. It was determined in view of particle diameter with a size distribution measuring 
55 device of laser diffraction-scattering, LS230(tradename of Horiba, Ltd.) at the relative refraction index of 1 .1 0, provided 
that the polymer particles had the refraction index of 1 .57 and cyclohexane had that of 1 .43. The obtained median was 
taken as an average particle diameter. The particle diameterdistribution was obtained by dividing the standard deviation 
with the average particle diameter. 



18 



EP 1 258 290 A2 



[01 25J The silicone- mod if led water-absorbing polymer particles (salts) polymerized from methacrylic acid monomers 
showed a significant deodorizing effect by neutralization of the short-chain carboxylic acid as a cause of bad smell. 
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(Note) 

*Addition amount: Expressed in the weight ratio thereof to 
the monomer (during reaction) or in the weight ratio to the 
water - absorbing polymer particles (after polymerization or 
during post - treatment) 

*EGDGE : ethylene glycol diglycidyl ether, and EX810 is 
Denacol EX810, manufactured by Nagase Chemical Co., Ltd. 
*PGPGE: polyglycerol polyglycidyl ether, and EX512 is 
Denacol EX512 (Nagase Kasei Co., Ltd.). 

*PEGDMA: polyethylene glycol dime thacrylate . NK-9G and 
NK-14G are polyethylene glycol dime thacrylate having n-9 
and n = 14, respectively, n being the polymerization degree 
of polyethylene glycol, manufactured by Shin - Nakamura 
Chemical Co., Ltd. 

*Amino-modif ied silicone A: XF42-703, viscosity (25 °C) 1000 
mm 2 /s, amine equivalent 1600 g/mol, produced by GE Toshiba 
Silicones Co., Ltd.. 

*Amino-modif ied silicone B: KF-867, viscosity (25 °C) 1300 
mm 2 /s, amine equivalent 1700 g/mol, produced by Shin-Etsu 
Silicones . 

♦Amino -modi f i ed silicone C: KF-861, viscosity (25 °C) 3500 
mm 2 /s, amine equivalent 2000 g/mol, produced by Shin-Etsu 
Silicones . 

* Amino - modi fi ed silicone D: KF-864, viscosity (25 °C) 1700 
mm 2 /s, amine equivalent 3800 g/mol, produced by Shin-Etsu 
Silicones . 

[0126] Formulation Example 1 and 2 and Comparative Formulation 
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Examples 1 and 2 (sweat-regulating sticks) 

[0127] The ingredients a) to 1) in Table 3 were uniformly mixed under heating and introduced into a container, left 
and cooled to give sweat-regulating sticks. The evaluation results are shown in Table 3. 



Table 3 





Formulation 
Example 1 


Formulation 
Example 2 


Comparative 
Formulation 
Example 1 


Comparative 
Formulation 
Example 2 




a) 


Octamethyl cyclotetrasiloxan 


34.0 


34.0 


34.0 


34.0 




b) 


Dimeticone 6cs 


34.0 


34.0 


34.0 


34.0 


.» 

<x> 


c) 


Paraffin wax 


12.0 


12.0 


12.0 


12.0 


c 
o 

j$ 
vt 
o 


d) 


Water^absorbing polymer 
in Example 2 


20.0 


18.0 






Comp 


e) 


Water-absorbing polymer 
in Comparative Example 1 






20.0 


18.0 




f) 


Aluminum zirconium 
chlorohvdrex glycine 




2.0 




3.0 




Feeling in use (when dry) 


5 


5 


4 


2 


Feeling in use (when swollen) 


4 


5 


2 


1 



* Dimeticone 6cs:KF96~6cs produced by Shin-Etsu Silicones 

* Paraffin wax :HNP-9 produced by Nihon Seiroh 



Formulation Example 3 and Comparative Formulation Example 3 (sweat-regulating body powder) 

[01 28] The ingredients a) to f) in Table 4 were uniformly mixed by a Henschel mixer, and introduced into a container 
to give sweat- regulating body powder. The evaluation results are shown in Table 4. 
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Table 4 





Formulation 
Example 3 


Comparative 
Formulation 
Example 3 




a) 


Aluminum chlorohydrate 


5.00 


5.00 




b) 


Triclosan 


0.01 


0.01 


ition (weigh 


c) 


Water-absorbing polymer in Example 2 


20.0 


— 


d) 


Water-absorbing polymer 
in Comparative Example 1 




20.0 


mpos 


e) 


Talc 


Balance 


Balance 


o 
O 


f) 


Perfume 


Suitable amount 


Suitable amount 




Total 


100.0 


100.0 


Feeling in use (when dry) 


5 


3 


Feeling in use (when sweating) 


4 


1 



Formulation Example 4 (powder spray) 

[0129] The following Ingredients a) to c) were mixed In a kneader, and d) and e) were mixed by a blender, and these 
were charged into a spray container, and further f) and g) were charged into the spray container, to give a powder 
spray. The resultant powder spray was scored rank 5 for feeling in use when dry, and rank 4 for feeling in use when 
sweating. 



a) Water-absorbing polymer in Example 1 


2.0 weight% 


b) Acryl polymer particles: Microsphere M305, 7u.m, 




manufactured by Matsumoto Oil and Fat Co., Ltd. 






1 .0 weight% 


c) Talc 


0.5 weight% 


d) Isopropyl palmitinate 


1 .5 weight% 


e) Perfume 


0.2 weight% 


f) Isopentane 


10.0 weight% 


g) Liquefied petroleum gas 


balance 


(100.0 weight% in total) 





Formulation Example 5 (compact deodorant powder) 

[0130] The following ingredients a) to d) were mixed in a Henschel mixer, and ingredients d) and e) were added to 
this mixture which was then ground in a grinding device, placed on a middle dish and pressed to give a compact 
deodorant powder. The resultant compact deodorant powder was scored rank 5 for feeling in use when dry and rank 
5 for feeling in use when sweating. Further, its deodorizing effect was confirmed. 
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aj waiGr-aDSOrDing poiymer jn txampie o 


ou.u weigni/o 


b) N-lauroyl lysine 


10.0 weight% 


c) Talc 


20.0 weight% 


d) Zinc oxide: FINEX-75, manufactured by Sakai Chemical Co., Ltd. 


10.0 weight% 


d) Dimeticone 20cs 


2.0 weight% 


e) Dimeticone 6cs 


8.0 weight% 


* Dimeticone 20cs: KF96-20cs produced by Shin-Etsu Silicones 




* Dimeticone 6cs: KF96-6cs produced by Shin-Etsu Silicones 





Formulation Example 6 (roll-on type sweat-regulating agent) 

[0131] The following ingredients a) to e) were mixed and introduced into a roll-on container to prepare a roll-on type 
sweat-regulating agent. The resultant roll-on type sweat-regulating agent was scored rank 4 for feeling in use when 
dry and rank 4 for feeling in use when sweating. 





a) Octamethyl cyclotetrasiloxane 


65.0 weight% 


20 


b) Dimeticone 6cs 


6.0 weight% 




c) Ethanol 


20.0 weight% 




d) Glycerin 


4.0 weight% 




e) Water-absorbing polymer in Example 6 


5.0 weight% 


25 


* Dimeticone 6cs: KF96-6cs produced by Shin-Etsu Silicones 



Formulation Example 7 (powder foundation) 



[0132] The following ingredients a) to e) were mixed in a Henschel mixer, and ingredients f) and i) which had been 
melted by heating were added thereto, mixed and ground. The resultant mixture was placed on a middle plate and 
pressed to give a powder foundation. The resultant powder foundation was scored rank 5 for feeling in use when dry 
and rank 5 for feeling in use when sweating, and this powder foundation was free of floating of the cosmetics with 
sweat, kept well in the cosmetics and excellent in usability. 



35 


a) Water- absorbing polymer in Example 


4 5.0 weight% 




b) Zinc oxide: FINER-75, manufactured by 


Sakai Chemical Co., 




Ltd. 


20.0 weight% 




c) Spherical silica: NP-30, 3 p.m, manufactured by Asahi Glass Co., Ltd. 


25.0 weight% 


40 


d) Mica 


15.0 weight% 


e) Talc 


25.0 weight% 




f) Coloring pigment 


suitable amount 




g) Dimeticone 6cs 


3.0 weight% 




h) 2-Ethylhexyl p-methoxy cinnamate 


2.5 weight% 


45 


i) Preservative suitable amount 


(100.0 weight% in total) 




* Dimeticone 6cs: KF96-6cs produced by 


Shin-Etsu Silicones 



Formulation Example 8 (oily foundation) 



50 [0133] The following ingredients a) to i) were heated, melted and uniformly mixed by a blender, and ingredients j) to 
n) which had been mixed by a Henschel mixer were added thereto, and the mixture was kneaded by a roll mill. After 
the mixture was re-melted to regulate its color, and the perfume o) was added thereto at 60 °C thereto with stirring 
under degassing, and the mixture was poured into a container,, then left and cooled to give an oily foundation. The 
resultant oily foundation was scored rank 4 for feeling in use when dry and rank 4 for feeling in use when sweating, 

55 and this powder foundation was free of floating of the cosmetics with sweat, kept well in the cosmetics and excellent 
in usability. 
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a) Octamethyl cyclotetrasiloxane 


25 0 weinht% 


b) Dimeticone 6cs 


15 0 weiaht% 


c) Squalane 


5.0 weight% 


d) Atkyl-modified silicone wax: KF7002, Shinetsu Silicone Co., Ltd. manufactured by 


3.0 weight% 


e) Microcrystalline wax 


3.0 weight% 


f) Candelilla wax 


3.0 weight% 


g) Isopropyl palmitate 


3.5 weight% 


h) Preservative 


suitable amount 


i) Antioxidant 


suitable amount 


j) Titanium oxide: MT500R, manufactured by Teika Company 


15.0 weight% 


k) Spherical silica: NP=30, 3 u.m, manufactured by Asahi Glass Co., Ltd. 


10.0 weight% 


1)Talc 


3.0 weight% 


m) Water-absorbing polymer in Example 4 


3.0 weight% 


n) Coloring pigment 


5.0 weight% 


o) Perfume suitable amount 


(100.0 weight% in total) 


* Dimeticone 6cs: KF96-6cs produced by Shin-Etsu Silicones 





Formulation Example 9 (deodorant gel) 



[0134] A deodorant gel was prepared from the composition comprising the below shown (a) to (f) and found to have 
rank 5 for feeling in use when dry and rank 4 for feeling in use when sweating. The deodorazing effect was confirmed. 



a) copolymer of acrylic acid and alkyl methacrylate, Carbopol C981 (tradename of Goodrich 


0.3 weight% 


Corporation) 




b) Triclosan 


0.1 weight% 


c) silicone powder, KMP599 (tradename of Shietsu Chemical Co., Ltd.) 


1 .0 weight% 


d) the water-absorbing polymer of Example 


1 2.0 weight% 


e) ethanol 


3.0 weight% 


f) water 


balance for 100 wt.% 



Formulation Example 10 (deodorant sheet) 



[0135] A dispersion was prepared from the composition comprising the below shown (b) to (f) so as to have an 
impregnating rate to (a) of 270% and a solvent amount to (a) of 1 08 g/m 2 found to have rank 5 for feeling in use when 
dry and rank 5 for feeling in use when sweating. The deodorazing effect was confirmed. 



a) Pulp sheet having 40g/cm 2 


0.3 weight% 


b) the water-absorbing polymer of Example 1 


2.0 weight% 


c) dimethycone6cs 


5.0 weight% 


d) ethanol 


15.0 weight% 


e) ethyl p-oxybenzoate 


0.1 weight% 


f) water 


balance for 1 00 wt.% 



[0136] Dimethycone6cs was KF96-6cs (tradename of Shinetsu Slicones). 
Claims 

1. Sllicone-modified water-absorbing polymer particles wherein the surfaces of the water-absorbing polymer particles 
have been coated via chemical bonding with a silicone compound having at least one functional group. 

2. The silicone-modrfied water-absorbing polymer particles according to claim 1 , wherein in the silicone compound 
having at least one functional group, the functional group is at least one member selected from the group consisting 
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of an amino group, ammonium group, hydroxy group, a carboxy group, an epoxy group,a hydrolysable alkoxy 
group and a radical polymerizable unsaturated group. 

The silicone-modified water-absorbing polymer particles according to claim 1 or 2, wherein the water-absorbing 
polymer particles comprise a crosslinked (co)polymer of a hydrophilic vinyl monomer. 

Silicone-modified water-absorbing polymer particles obtainable by polymerizing a hydrophilic vinyl monomer by 
reverse phase suspension polymerization in the presence of a silicone compound having at least one functional 
group. 

A method for producing silicone-modified water-absorbing polymer particles wherein the surfaces of water-absorb- 
ing polymer particles have been coated via chemical bonding with a silicone compound having at least one func- 
tional group, which comprises the step of polymerizing a hydrophilic vinyl monomer by reverse phase suspension 
polymerization in the presence of a silicone compound having at least one functional group. 



6. A method for producing silicone-modified water-absorbing polymer particles wherein the surfaces of water-absorb- 
ing polymer particles have been coated via chemical bonding with a silicone compound having at least one func- 
tional group, which comprises the step of heating water-absorbing polymer particles and a silicone compound 
having at least one functional group in the presence of water. 

20 

7. A Cosmetic comprising the silicone-modified water-absorbing polymer particles described in any one of claims 1 
to 4. 
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